The role of the hospital biomedical engineer is described with reference to design and development of equipment and its maintenance, provision of a technical advisory service, and teaching.
INTRODUCTION
Biomedical engineering is a relatively new discipline, and has not yet assumed the welldefined character of the longer established engineering specialties. The employment of bioengineers in hospitals, in this country at least, is therefore a fairly recent practice, and consequently the organization of bioengineering facilities varies widely from hospital to hospital. The professional qualifications, academic backgrounds and experience of bioengineers working in the hospitals varies widely, as does their lines of responsibility, and their conditions of employment.
The predominant technical quality required of the hospital bioengineer is versatility. Most bioengineers are strongly oriented towards electrical or electronic engineering, and a great deal of the bioengineering equipment used in hospitals is basically electronic. But within the areas for which he is responsible, extensive use is also made of mechanical, optical, hydraulic and pneumatic techniques, and it is essential that skill in all these areas be incorporated in a hospital bioengineering department. This paper will indicate, in general terms, the type of service that a bioengineering department may be expected to provide in a typical teaching hospital. Most of these services are provided, in some degree, by most of the formally established bioengineering departments, but there are differences in emphasis in different institutions. The principal services provided are grouped under four broad headings, namely design and development, maintenance, technical advisory service, and teaching.
DESIGN AND DEVELOPMENT
Some bioengineering departments are strongly oriented towards the design and development of original items of instrumentation, and bioengineering systems. As a general observation, it is fair to say that most hospitals prefer to purchase the instrumentation they need, if it is available, from commercial sources.
But whether the local emphasis is primarily on design or maintenance, there is plenty of scope for original work, and the large majority of instrumentation purchased in package form will require either modification to suit the exact purpose for which it has been acquired, or interfacing with other apparatus or systems.
There are however, several circumstances in which the bioengineer is justified in developing his own apparatus or system: (i) if the apparatus is simply not available from commercial sources, either because of the long time-lag between the technical advances and their appearance in production equipment; or perhaps because production difficulties or a limited market indicate that producing such a device is not commercially feasible. (ii) if the apparatus available on the market is not of acceptable quality or performance. This is probably the most valid justification for development in the department. (iii) if the apparatus available is excessively expensive, and it is felt that it can be made more economically.
Development projects are interesting and stimulating, but they are often very expensive, and very few can be justified on a properly costed basis. Experience suggests that there is less administrative control of "in-house" development in this country than, for instance, in North America, where it is common practice for each project to be assessed, costed, submitted and approved; and where the allotted budget cannot be exceeded. Stimulation for development projects comes mainly from members of the medical and scientific staffs who may recognize the need for an additional apparatus, system or service in their clinical or research work. But, in many cases, the onus lies with the engineer to recognize the need for a device to carry out a task which is currently not being done, or which can be done in a more efficient way. However, there are hazards in both arrangements. The general run of medical staff can very rarely technically specify exactly what they need, and an inadequate specification invariably leads to a frustrating sequence of modifications and reworks. On the other hand, engineers do not always appreciate the whole of the clinical or research problem, and have been known to provide what they themselves think is required. Time spent in reaching agreement on the definition of the exact nature of the requirement, and the preparation of an agreed and comprehensive specification is time very profitably spent.
MAINTENANCE
Most bioengineers working in Australian hospitals have some commitment to maintenance, if not personally, then indirectly through a supervisory responsibility.
Maintenance represents a large fraction of the total commitment in some bioengineering departments, less in others. But the sense in which the term " maintenance" is used is very broad, and includes not only an overhaul and repair service, but also such things as acceptance testing of newly purchased equipment, regular safety testing of equipment which presents high electrical hazard to patients, and a service which for want of a better name might be called " technical support ".
(i) Routine Repair and Overhaul
There is some difference in approach to this area in different institutions. The policy we have consistently used at the Royal Children's Hospital is that with certain exceptions we have always expected to maintain every piece of electromedical equipment purchased by the hospital. The exceptions were those devices for which it was uneconomic for the hospital to acquire expensive and specialized test equipment.
Some other hospitals have preferred to have their electromedical equipment serviced by outside contractors, usually the manufacturer or the agent from whom it was purchased, either by yearly contract, or on a call-by-call basis.
(ii) Acceptance Testing of New Equipment
Every new piece of electromedical equipment delivered to the Supply Department of the hospital must be subjected to a series of basic tests before it is accepted and passed to the department concerned for use. The performance of the apparatus may have to be assessed in the area for which it was purchased, but its basic electrical safety from the viewpoint of both patient and staff; its compliance with Australian Standards ASC 100 and ASC 200 and any other applicable Test and Approval Specifications; and the delivery by the contracting supplier of the appropriate technical information, manuals and circuit diagrams, must be confirmed before payment is authorized. Some of these requirements are already conditions of purchase in the hospital's official order, and the remainder will be in due course.
It is pleasing to be able to report that the bioengineers from five of the major public hospitals in Melbourne have recently agreed, on their own initiative, to standardize their acceptance tests, perform the tests using standard test apparatus, and record the results on standardized forms, and thus permit a free exchange of useful information and experience. This is a most significant forward step, but it must also be said that the establishment of an independent testing authority which would relieve them of much of this workload and responsibility would be more than welcome.
(iii) Safety Testing of High Hazard Apparatus
The Standards Association of Australia, has defined electromedical safety standards which are now or soon will be established in this country. It is obvious that a great deal of the equipment which is attached directly to the patient's body must present, either in the form of a current source or sink, a very great hazard to the patient's safety.
Acceptable levels of safety can be maintained only by ensuring that safe equipment is purchased or constructed in the first instance, and is maintained in that condition. This implies regular testing of apparatus against the appropriate standards, and in those hospitals which are heavily committed to the use of patient-care equipment, this represents a very heavy demand on personnel and test equipment.
At present, we overhaul every piece of patient-care equipment annually, and run complete safety checks four times a year. Certain classes of emergency equipment, e.g. defibrillators and pacemakers, and high-pressure injectors, are checked more frequently, but staff is simply not available for them to be checked as often as would be desirable.
(iv) Technical Support
The large majority of bioengineering apparatus in use in hospitals is operated by people who have little or no technical training. Excellent results are generally obtained despite this and are a tribute to the skill of the apparatus designers.
Considering the background and qualifications of many of the operators, and the complexity of some of the equipment, it seems inevitable that something will occasionally fail to work at a crucial moment. It is equally inevitable that the subsequent call for help will go to the biomedical engineer. These unpredictable demands are the bane of all hospital bioengineers and one of their greatest sources of stress. They demand an intimate knowledge of equipment operating procedures because about 90 per cent of the faults so reported are operator errors, a comprehensive knowledge of the clinical procedure being undertaken and a well-developed talent for improvisation (in the unlikely event that the fault is in the apparatus).
TECHNICAL ADVISORY SERVICE
In most institutions, it is expected that the senior bioengineer will provide a technical advisory service to the management and the heads of the various medical departments. It is important that, in the purchase of all scientific and patient care equipment, the bioengineers are consulted as to its safety, quality, reliability and likely maintenance requirements BEFORE the request is submitted to the Finance Committee for consideration. Over the years the application of this rule has resulted in the consultation taking place much earlier than used to occur, and we are usually invited to participate in all discussions with manufacturers and suppliers. TEACHING When electronic equipment was first introduced into the" non-engineering" environment of the major hospitals, it came in small quantities, and was in the hands of senior people, who, even if they lacked formal technical training, were sufficiently experienced to recognize the principal hazards. This may account, to some extent, for the excellent safety record in the past. Today, the very considerable volume of such apparatus in use has inevitably forced it into the hands of technically unqualified and inexperienced personnel.
The bioengineer is expected to play a role in correcting this situation. At RCH, there is still no teaching undertaken of undergraduate medical students, but for some years a twiceyearly series of tutorials has been given to the anaesthetic registrars. Each intake of student nurses is introduced, in its first year, to the bedside equipment used in the wards and special units, and they return again in their third year, when they have been exposed to patient monitoring in the theatres, intensive care and neonatal care areas, for more specific discussions. A session on electronic equipment is included in each nursing "post-basic" and "in-service" course, while regular briefings on the use of emergency resuscitation equipment is given to each intake of resident medical staff and to new staff in the intensive nursing areas.
